Three populations of myoblasts, embryonic, foetal and adult, appear sequentially during myogenesis. The present study uses retroviruses to mark myoblasts clones in vivo from these populations. Myoblasts labelled at E15 (embryonic) contributed to primary ®bres only. The majority of marked primary ®bres were slow but a small number of clones contained marked primaries which were no longer slow at E19. Myoblasts labelled at E17 (foetal) fused with both primary and secondary ®bres and most clones contained both fast and slow ®bres. Similarly, adult myoblasts marked at P0 fused with all ®bre types. These results indicate that embryonic myoblasts are restricted to producing only primary ®bres which are initially slow but which can convert to being fast. Clones of foetal and adult myoblasts fuse with both primary and secondary ®bres which may be either fast or slow. q
Introduction
Skeletal muscle ®bres form in two successive waves termed primary and secondary ®bres. Primary ®bres in the rat form between embryonic day (E) 14 and E16, while secondary ®bres form between E17 and the early neonatal period (Kelly and Zacks, 1969; Condon et al., 1990a; Wigmore and Dunglison, 1998) . Secondary ®bres form on the surface of primary ®bres and can be distinguished from primary ®bres until the end of myogenesis, by their relatively small diameters.
Apart from primary and secondary ®bre generations, skeletal muscle ®bres can be differentiated by their expression of different myosin heavy chain (MyHC) isoforms. These proteins are largely responsible for the fast and slow contraction rates exhibited by these ®bres (Schiaf®no and Reggiani, 1996) . All primary ®bres initially express a slow MyHC isoform while all secondary ®bres initially express a fast MyHC isoform (Condon et al., 1990a; Hughes et al., 1993; Cho et al., 1994) . Subsequently a proportion of both primary and secondary ®bres switch ®bre type, giving rise to the distribution of ®bre types present in adult muscle. In the majority of crural muscles, the isoform switching of primary ®bres is regionalised to the super®cial regions of particular muscles (Harris et al., 1989a; Condon et al., 1990a; Zhang and McLennan, 1998) . The majority of primary ®bres in the deep regions of muscles retain a slow fate. In the remaining muscles, isoform switching is not regionalised and primary ®bres of fast and slow fates are intermixed (Condon et al., 1990a) . Isoform switching (fast to slow) in a subset of secondary ®bres occurs in the Soleus muscle as well as in regions of muscles adjacent to the soleus (Condon et al., 1990a) .
The origin of the differences between ®bres is probably due to an interplay between the intrinsic programming of myoblasts to produce particular types of ®bres and local environment cues which may include both innervation and growth factors (Crow and Stockdale, 1986; Condon et al., 1990b; Fredette and Landmesser, 1991; Ashby et al, 1993a,b; McLennan, 1993; Wilson and Harris, 1993; Wigmore and Dunglison, 1998) .
Intrinsic differences between myoblasts have been demonstrated in two ways. Firstly, the identi®cation of different populations of cells which are present at different times during myogenesis and secondly in the speci®cation of clones of cells to produce particular fast or slow ®bre types. Three populations of myoblasts (embryonic, foetal and adult) have been identi®ed in both mammalian and avian muscle which appear sequentially during development (reviewed in Stockdale, 1992 Stockdale, , 1997 . These popula-tions can be identi®ed by a variety of features including expression of speci®c integrins, their media requirements in vitro, their response to the tumour promoter TPA, and growth factors (Cossu and Molinaro, 1987; Stockdale, 1992; George-Weinstein et al., 1993) . In culture, embryonic myoblasts give rise to short myotubes with few nuclei (White et al. 1975; Vivarelli et al., 1988; Pin and Merri®eld, 1993) , while foetal and adult myoblasts form long, multinucleated ®bres (Smith and Miller, 1992; Dusterhoft and Pette, 1993; Pin and Merri®eld, 1993) . While no direct evidence is available, it has been assumed that embryonic and foetal myoblasts give rise to primary and secondary ®bres, respectively, while adult myoblasts remain as satellite cells to enable postnatal growth and regeneration (Grounds and Yablonka-Reuveni, 1993) .
Culturing clones of myoblasts from each of these populations has shown that individual clones can produce ®bres expressing a particular set of MyHC isoforms. This could indicate that MyHC expression by ®bres is dependent on the myoblasts that produce them and that related cells are committed to producing ®bres of a speci®c type. This has been most clearly demonstrated in the chick where the commitment to form a particular ®bre type is stably inherited over many cell divisions in vitro (Miller and Stockdale, 1986a,b) . When fast or slow ®bre forming clones are transplanted back into the embryo, they retain their commitment to produce particular ®bre types, indicating that in the chick, myoblast commitment is retained in the limb environment (DiMario et al., 1993) .
Mammalian myoblasts have also shown commitment to form particular ®bre types in vitro. Clones of embryonic myoblasts form myotubes in culture which express slow MyHC isoforms (Vivarelli et al., 1988; Cho et al., 1993) . This isoform is initially expressed by all primary ®bres in vivo (Condon et al., 1990a; Cho et al., 1993) . Rat foetal myoblasts form myotubes in culture which express only fast MyHC isoform (Pin and Merri®eld, 1993) , consistent with the isoform that is initially expressed by secondary ®bres in vivo (Condon et al., 1990a) . In contrast, however, foetal myoblast clones from human and mouse, have given rise to both fast and slow ®bres Robson and Hughes, 1997) . Adult myoblasts derived from the surface of individual ®bres, tend to produce ®bres in culture which express the same phenotype as the ®bre from whose surface they are derived, suggesting commitment to a particular ®bre type within these cells (Rosenblatt et al., 1996) .
Commitment by clones of myoblasts to form particular ®bre types could explain the initial diversity of ®bre types in developing mammalian muscle. This idea of commitment, however, has recently been challenged using techniques of retroviral mediated genetic marking. This technique was used to follow myoblast clones in postnatal rats in vivo and showed that clones of labelled myoblasts fuse randomly with all ®bre types in the limb (Hughes and Blau, 1992) . Similar techniques applied during secondary ®bre formation in the mouse, showed that clones of labelled myoblasts contributed to both primary and secondary ®bres (Evans et al., 1994) .
In the present study, clones of myoblasts were labelled in vivo using retroviral vectors at ages when embryonic, foetal or adult populations are known to predominate in the limb. This has enabled us to show directly which populations of myoblasts contribute to primary and secondary ®bres at different stages of myogenesis. In addition we have investigated whether individual clones of cells are restricted to fusing with slow expressing ®bre types.
The results of the present study show ®rstly, that a separate myoblast population (embryonic) is responsible for the formation of primary ®bres and subsequent populations (foetal and adult) contribute to the growth of primary ®bres and the formation of secondary ®bres. Secondly, clones of myoblasts contribute progeny to both fast and slow ®bre types, in all age groups examined. However, the number of clones containing mixed ®bre types and the process by which these were produced varies between the different age groups.
Results

Clonal identity of marked ®bre clusters
The DAP retrovirus which carries a gene for alkaline phosphatase (AP) has been used to trace clones of cells in the rodent nervous system (Fields-Berry et al., 1992; Cepko et al., 1993) while pIRV and other vectors that express lac-Z coding for b -galactosidase (b -Gal) have been used previously to trace myoblast clones in the mouse and rat hindlimb Blau, 1990, 1992; Evans et al., 1994) . Under similar conditions to those used previously we were able to identify clusters of AP and b-Gal marked ®bres in serial limb sections at E19. Clusters of marked connective tissue cells were occasionally seen in limbs containing marked myogenic cells. Clusters of muscle ®bres marked by each virus were distributed in a range of muscles (Table 1) . Individual marked ®bres could be followed over distances from 40 to 520 mm (mean 110 mm) and in the majority of clusters all marked ®bres could be seen in a single section. In clusters where all ®bres did not overlap in a single plane ®bre ends were within 150 mm. The average number of marked ®bres per cluster in animals injected at E15 was 6:4^0:7 (mean^SEM) which was not statistically different from that observed in animals injected at E17 (4:8^0:6) and P0 (4:4^1; Table 1 ). Consequently the infection rate appears to be the same for cells marked at E15, E17 and P0. Clusters of marked ®bres were identi®ed as single clones for the following reasons. Firstly, no clusters contained both b -Gal and AP activity. Secondly, clusters were widely distributed within the limb, with no more than four clusters present in any one limb. The majority of limbs contained only a single cluster of marked ®bres (Table 1 ). In limbs with more than one cluster these were in different muscles. Cluster width ranged between 43 mm and 400 mm. The minimum distance between clusters in the same limb was 500 mm, which was larger than the cluster widths themselves. This measurement has been used previously as the minimum distance which reliably separates muscle ®bre clones in the mouse and rat hindlimb (Hughes and Blau, 1990; Evans et al., 1994) . On the basis of these observations, individual clusters of marked ®bres appeared to result from the fusion of single clones of cells.
E15 injections (embryonic myoblast population)
Ten clones contained ®bres all of which stained for slow MyHC while three clones contained a mixture of ®bres staining positive or negative for slow MyHC. (Table 1 ). The resultant ratio of slow to fast marked ®bres from all clones examined was 15:1 (Fig. 1 ). All the ®bres marked were clearly primary ®bres based on their large diameters and tubular morphology ( Fig. 2A) . Marked slow primaries Fig. 1 . The number of slow and fast marked ®bres present within clones at each age group. Marked ®bres were identi®ed histochemically at E19, following injections of retroviruses at E15 (embryonic) and E17 (foetal), and at P5 following injections at P0 (newborn). occurred both in the deep and super®cial regions of muscles. Marked ®bres which failed to stain for slow MyHC were of comparable size and morphology to those of surrounding slow primary ®bres and hence were interpreted as being primary ®bres (Fig. 2B ). These ®bres always occurred in clusters containing other slow ®bres. and were only found in the most super®cial regions of the tibialis anterior and medial gastrocnemius muscles. These are muscle regions where conversion of primary ®bres from slow to fast phenotypes has previously been observed (Harris et al., 1989a; Condon et al., 1990a) . Since all primary ®bres within the rat limb are initially slow (Condon et al., 1990a) , primary ®bres which did not stain for slow MyHC within marked ®bre clones in the present study, are believed to have converted to a fast ®bre phenotype. No marked secondary ®bres or unfused marked myoblasts (interpreted as structures less than 20 mm long) were identi®ed within clones of marked ®bres examined at E19. This suggests that all marked cells had fused with primary ®bres and not persisted into later stages of development.
E17 injections (foetal myoblast population)
Twelve clones of marked ®bres contained both fast and slow ®bres and one clone contained fast ®bres only (Table   1 ). The ratio of slow to fast marked ®bres from all clones examined was 1:1.6 (Fig. 1) . Based on their morphology, the majority of slow marked ®bres were primary ®bres (Fig.  2C,D) . The majority of marked ®bres which failed to stain with slow MyHC were identi®ed by their smaller diameters as secondary ®bres (Fig. 2C,D) . These results are consistent with previous morphological studies in the rat which showed that from E17 onwards, new secondary ®bres form on the surface of large primary ®bres (Kelly and Zacks, 1969; Ross et al., 1987; Harris et al., 1989b) . The new secondary ®bres express a fast MyHC isoform, while the majority of primary ®bres express slow MyHC (Condon et al., 1990a) . Since clones of cells at this stage have a choice of ®bre types to fuse with, the proportion of slow marked ®bres within a clone was compared with the proportion of unmarked slow ®bres present within the surrounding muscle at E19. This analysis showed no signi®cant difference between the proportion of slow ®bres within the clone and those of the surrounding muscle, indicating that clones of cells showed no preference to fuse with a particular ®bre type. The results indicate that clones of cells fused with existing slow primary ®bres together with fast secondary ®bres which are forming at this time. A small proportion of marked mononuclear cells were evident within marked ®bre clones. Fig. 2 . Clones of myoblasts labelled in vivo at E15 and E17. Myoblast clones were labelled at E15 (A,B; two ®bres from clone 10) and E17 (C,D; ®bres from clones 15 and 17 respectively; E,F, same ®bre in consecutive sections). All limbs were analysed at E19. Limbs were sectioned and stained for AP (A±C) and bGal (D) activity. After identifying the marked ®bres within a clone, sections were double-stained with the Ab, A4.840 (A±D) to identify ®bres containing slow MyHC, respectively. Arrows indicate slow marked ®bres and arrowheads indicate ®bres which do not contain slow myosin heavy chains. Scale bar 10 mm.
P0 injections (adult myoblast population)
Two clones of marked ®bres contained fast and slow ®bres and three clones contained fast ®bres only (Table  1) . The ratio of slow to fast marked ®bres from all clones examined was 1:6 (Fig. 1) . Primary and secondary ®bres at P5 were similar both in diameter and morphology and so cannot be reliably differentiated on morphological grounds, however since most slow ®bres are derived from primary ®bres and most fast ®bres from secondary ®bres (Condon et al., 1990a) , it is likely that clones are fusing with both ®bre generations. The proportion of slow ®bres within a clone was not signi®cantly different from the proportion of unmarked slow ®bres in the surrounding muscle at P5, indicating clones randomly fused into both ®bre types.
Discussion
This study traces the fate of clones of myoblasts, labelled in vivo, at ages when embryonic, foetal or adult myoblast populations are known to be present in the limb. Myoblasts marked at E15 (derived from the embryonic population) only contributed to primary ®bres and did not persist as unfused myoblasts or contribute to secondary ®bres during the later stages of myogenesis. This is consistent with previous investigations which have shown that embryonic cells can not be isolated from later stages of development, that embryonic cells do not convert to foetal cells in culture and that cells labelled with BrdU early in myogenesis do not contribute to secondary ®bres (Crow and Stockdale, 1986; Stockdale, 1992; Cho et al., 1993; Pin and Merri®eld, 1993; Zhang and McLennan, 1998) . The present results demonstrate that embryonic myoblasts constitute a separate population in vivo which contribute only to primary ®bres. Although the precursors of foetal myoblasts are suggested to be present in the limb at the time of primary ®bre formation (George-Weinstein et al., 1993), they are not involved in the formation of new ®bres until the period of secondary ®bre formation due to the presence of high levels of TGF-b (Cusella-De Angelis et al., 1994; Zappelli et al., 1996) .
All primary ®bres within the rat initially express a slow phenotype (Harris et al., 1989a; Condon et al., 1990a) . Consequently all the ®bres marked at E15 injection would have been initially slow. The majority of these marked primaries were still slow when examined at E19 as indicated by the 15:1 slow:fast ®bre ratio within marked ®bres. From E16 onwards however, some primary ®bres in the super®cial regions of the tibialis anterior and medial gastrocnemius muscles convert to a fast phenotype and no longer express slow MyHC (Harris et al., 1989a; Condon et al., 1990a; Zhang and McLennan, 1998) . The small number of marked primary ®bres in the present study which failed to express slow MyHC were located in the super®cial regions of these muscles. These ®bres are therefore believed to be primary ®bres which were initially slow but have converted to a fast phenotype. Fast and slow primary ®bres were found in the same marked ®bre clusters indicating that ®bre type conversion by primary ®bres, is not related to the contribution of particular clones of cells but is due to environmental factors. Expression of TGF-b , for example, displays a temporal and spatial expression within the connective tissue during myogenesis which correlates with the ®bre type fate of adjacent myotubes (McLennan, 1993) .
Myoblast clones formed after labelling cells at E17 fused with existing primary ®bres as well as newly forming secondary ®bres. The incorporation of nuclei into growing primary ®bres during this period is in agreement with previous ®ndings (Wigmore et al. 1992; Evans et al. 1994; Zhang and McLennan, 1995) . Zhang and McLennan found that nuclei are absorbed preferentially but not exclusively at the ends of growing primary ®bres. In the present study the marker enzymes diffuse over signi®cant distances along the length of ®bres making it impossible to determine which nucleus is coding for the enzyme and where a marked cell has fused with a ®bre.
The contribution of clones to both primary and secondary ®bres indicates that cells at this stage are pluripotent in terms of the ®bre generation they fuse with. Since the majority of primary ®bres are slow at this stage while the majority of secondary ®bres are fast, fusion of clones with both generations of ®bre inevitably involves fusion with fast and slow ®bres. Myoblast clones labelled at P0 also fused with both fast and slow ®bres, though compared with clones labelled at E17, more fast ®bres were labelled than slow ®bres, re¯ecting the increased number of fast ®bres present during neonatal development (Wilson et al., 1988; Condon et al., 1990a) . Myoblasts present in the limb at E17 and P0 are believed to represent two distinct populations, foetal and adult, respectively (Cossu and Molinaro, 1987; Hartley et al., 1991; Yablonka-Reuveni, 1995) . Myoblasts from each population have displayed speci®city in terms of the ®bre types they produce in vitro (Cho et al., 1994; Rosenblatt et al., 1996; Robson and Hughes, 1997) . Our results indicate that in vivo, foetal and adult myoblasts can Fig. 3. (A,B) Serial sections of a small secondary ®bre labelled after injection at E17. Both sections are stained for alkaline phosphatase while A is stained for slow MyHC and B is stained with an antibody (A4.1025) which recognises all types of MyHC. Staining of the AP marked structure with this antibody indicates that it is a ®bre rather than a mononuclear cell. All marked structures scored as ®bres extended at least 40 mm through serial sections.
be pluripotent and clones of myoblasts can contribute to both fast and slow ®bres. This conclusion is supported by a recent study which showed that clones of mouse foetal myoblasts, which were restricted to forming either fast or slow myotubes in culture, contributed to both fast and slow ®bres when injected into embryonic chick limbs (Robson and Hughes, 1997) . Similarly, in adult rats (postnatal day 15), myoblast clones fuse randomly into fast and slow ®bres (Hughes and Blau, 1992) .
In summary, differences between embryonic and foetal myoblast populations appear to be responsible for the initial diversity in slow and fast ®bre types in mammals (Fig. 4) . These two populations of myoblasts are therefore believed to be derived from different precursors and hence have separate lineages, producing different types of ®bre. In comparison, during avian myogenesis, separate clones within the embryonic myoblast population give rise to the initial diversity in slow and fast primary ®bre types (Crow and Stockdale, 1986; Miller and Stockdale, 1986a,b) . The speci®cation shown by mammalian embryonic and foetal myoblasts, does not prevent primary and secondary ®bres subsequently converting to different ®bre types. Nor does it prevent foetal myoblasts from fusing with slow primary ®bres (Fig. 4) . Similarly adult cells which can show ®bre type commitment in vitro fuse randomly with all ®bre types in vivo. The role of speci®cation shown by these later populations may represent a default pathway along which the ®bres differentiate in the absence of environmental cues or may determine the range of possible ®bre types which may be expressed under environmental in¯uences (Hoh and Hughes, 1991; Bourke et al., 1995; Pin and Merri®eld, 1997; Wigmore and Dunglison, 1998) .
Experimental procedures
Retrovirus stocks
Three replication-de®cient retroviral producing cell lines, pIRV (Savatier et al., 1990) ; MFG-NB (Danos and Mulligan, 1988) and DAP (Fields-Berry et al., 1992) were cultured in DMEM with 10% foetal calf serum. The medium over the cells was collected overnight and viral particles concentrated by centrifugation at 14 000 rev./min at 48C for 6 h. Following removal of the supernatant the pellet was resuspended in one hundredth the initial volume of medium and stored at 2808C. The concentration of both viruses was between 10 4 and 10 5 CFU/ml as measured on NIH3T3 cells and primary cultures from newborn rat hindlimbs. All viruses were shown to be replication incompetent according to previous procedures (Evans et al., 1994) . pIRV and MFG-NB carry the lacZ gene coding for cytoplasmic or nuclear localised b -galactosidase, respectively. Injection of both viruses into newborn animals worked well but it was not easy to distinguish between infections by these two viruses in prenatal animals. For this reason MFG-NB was replaced by the DAP virus for these injections.
Retroviral injections
Prenatal limbs were injected with a 1:3 mixture of pIRV and DAP virus. The DAP retrovirus carries the PLAP gene coding for alkaline phosphatase (AP) (Fields-Berry et al., 1992; Cepko et al., 1993) . Both AP and b-Gal can be detected histochemically. Injection of two viruses simultaneously, made distinguishing between different clones more certain (Galileo et al., 1990; Hughes and Blau, 1990; Evans et al., 1994) . Viruses were mixed with polybrene dissolved in distilled water to give a ®nal concentration of 150 mg/ml and ink was included to mark the injection site. Needles were made on a Narashige microelectrode puller and their tips broken to give a diameter of 30±40 mm. Single injections of 2±4 ml were made into hindlimbs of E15, E17 and P0 (newborn) rats. Pregnant rats were anaesthetised with a hypnorm/midazolam mix for injection of E15 and E17 foetuses. Foetuses were exposed by midline laparotomy of the mother (Muneoka et al., 1990; Evans et al., 1994) . At E17 the uterus was opened to inject the foetuses, while at E15, injections were performed through the intact uterine wall. Animals injected at E15 and E17 were killed at E19 and P0 rats were killed at P5. Limbs were embedded in O.C.T. compound (BDH, UK) and frozen in freezing isopentane for subsequent cryosectioning at 20 mm. Alternate serial sections were collected onto separate sets of gelatine coated slides, air dried and stored at 2208C until use.
Histochemistry
In order to detect b -Gal activity, sections were ®xed for Fig. 4 . Diagram showing two distinct populations of myoblasts forming primary and secondary myotubes during rodent myogenesis. Embryonic myoblasts present at E15 in the limb, produce slow primary ®bres only. A separate population of myoblasts containing foetal and adult cells, which are present in the limb at E17 and P0, respectively, produce fast secondary ®bres and contribute to growing primary ®bres. Some of the primary ®bres, from E16 onwards, convert from slow to fast ®bres (*). 20 min at 258C (room temperature (RT)) in 2% paraformaldehyde, 0.2% glutaraldehyde in 0.1 M pipes buffer, pH 6.9, with 2 mM MgCl 2 and 1.25 mM EGTA, followed by washes in 0.1 M phosphate buffer (PB) with 2 mM MgCl 2 and 1.25 mM EGTA. Sections were then incubated overnight at 378C in 0.1 M PB containing 1 mg/ml X-Gal (Molecular Probes, USA), 5 mM potassium ferrocyanide, 5 mM potassium ferricyanide and 2 mM MgCl 2 . After washes in 0.1 M PB, the sections were mounted in PBS/glycerol and photographed using DIC optics on a Nikon Optiphot-2 microscope. To detect AP activity, sections were ®xed as above, then washed in phosphate buffered saline (PBS) and placed in preheated PBS at 658C for 35 min. This blocked endogenous AP activity. Following preincubation for 15 min at RT in 100 mM Tris±HCl, pH 9.5 with 100 mM NaCl and 50 mM MgCl 2 , sections were reacted overnight at RT in the same solution with 1 mg/ml nitro blue tetrazolium (NBT; Boehringer Mannheim, USA) and 0.1 mg/ml 5-bromo-4-chloro-3-indolylphosphate (BCIP; Boehringer Mannheim). Sections were then washed in PBS containing 0.02 M EDTA and visualised as above.
By examining serial sections, we identi®ed ®bres as marked structures which were at least 40 mm in length. AP and b -Gal diffuse freely within the cytoplasm of cells and muscle ®bres. Marked structures which could be followed through serial sections for more than 40 mm were classi®ed as muscle ®bres as serial electronmicrographs have shown that mononuclear cells within muscle are shorter than this (data not shown). Marked structures which could be traced in only one or two consecutive sections were categorised as mononuclear cells. pIRV marked ®bres were identi®ed by their diffuse as well as punctate blue staining of b -Gal in the cytoplasm. This staining pattern for b-Gal has been commonly observed in neural tissues labelled with cytoplasmic b -Gal linked retroviruses (Beddington et al., 1989; Friedrich et al., 1993; Kelly et al., 1994) . DAP marked ®bres were identi®ed by their purple staining throughout the cytoplasm consistent with previous studies (Fields-Berry et al., 1992; Cepko et al., 1993) . No b -Gal or AP activity was observed in limbs which had been injected with saline.
Immunocytochemistry
Un®xed sections were stained for the presence of slow myosin heavy chain (MyHC) using the monoclonal antibody (Ab), A4.840 (Webster et al., 1988) . Fibres which did not stain slow represented fast ®bres. Consecutive sections were stained with A4.1025 which stains all MyHCs (Pavlath et al., 1989) to verify that marked structures which extended through several sections were indeed ®bres (Fig. 3) . Sections were incubated with 5% horse serum (HS) in PBS for 30 min at RT, then incubated with undiluted hybridoma culture supernatant containing the appropriate Ab (above) for 1 h. Sections were washed with 0.05% Tween-20 in PBS (PBS/Tween), then incubated for 1 h with 7±10 mg/ml biotinylated anti-mouse IgG (Vector, USA) diluted in 5% HS/PBS. Following washes in PBS/Tween and PBS alone, sections were incubated in avidin-biotin complex horseradish peroxidase (Vector ABC kit) for 1 h at RT, washed in PBS, then visualised using diaminobenzidine (Vector, peroxidase substrate kit). Double staining for MyHC and b -Gal was performed by incubating un®xed sections in X-Gal stain overnight at 378C, then washing sections with PBS and staining for MyHC as above. Sections were ®xed at the end of the staining procedure and mounted for viewing. Double staining for MyHC and AP required the un®xed sections to be stained ®rst for MyHC, then ®xed and heated before staining for AP activity as described above.
Statistical analysis
The number of marked ®bres in clones for each age group were compared across age groups using one-way analysis of variance. The proportion of slow ®bres within marked ®bre clones identi®ed at E19, following injections at E17 and P0, was compared with the proportion of unmarked slow ®bres in the surrounding muscle, using paired Student t-test analysis. There was no signi®cant difference between the proportion of slow ®bres within clones and the proportion of slow ®bres in the surrounding region.
